1. Introduction
===============

1.1. Background and statement of problem
----------------------------------------

Photorefractive keratectomy (PRK) is one of the most common refractive surgeries for correction of refractive errors using laser ([@b1-epj-09-5684]--[@b3-epj-09-5684]). This type of surgery may be a precipitating factor for serious complications in high-risk patients such as those with corneal ectasia, which can reduce corrected distance visual acuity ([@b4-epj-09-5684]--[@b6-epj-09-5684]). The rate of complications of PRK in eyes with normal topography is low. One study on 3000 eyes reported a rate of less than 1% for decrease in best corrected visual acuity after one-year follow-up ([@b7-epj-09-5684]). Another study reported no evidence of ectasia after 18 years' follow-up after PRK ([@b8-epj-09-5684]). The rate of complications of PRK is higher in patients with atypical topography ([@b6-epj-09-5684], [@b9-epj-09-5684], [@b10-epj-09-5684]). For example, higher rates of complications are reported in eyes with inferior topographic steepening and posterior cornea float. However, some studies have shown that PRK can be done safely in eyes with abnormal topography ([@b2-epj-09-5684]). Some topographic indexes such as I-S index, anterior elevation, posterior elevation, and corneal thinning are shown to be helpful in estimation of the likelihood of the complications ([@b7-epj-09-5684], [@b11-epj-09-5684], [@b12-epj-09-5684]). Therefore, these indexes are used to determine high-risk eyes for complications after PRK. It is shown that preoperative abnormalities of eye topography, including inferior steepening and keratoconus, can predict the postoperative corneal stability curvature, especially in young patients ([@b13-epj-09-5684]--[@b15-epj-09-5684]). However, some researchers have reported similar outcomes after one-year follow-up in patients with abnormalities in topography in comparison with patients with normal topography ([@b16-epj-09-5684]). However, the results of these studies are not conclusive.

1.2. Objectives
---------------

The general objective of the study was to determine the outcomes of photorefractive keratectomy in patients with atypical topography. The specific objectives of the study were as follows:

1.  To compare SI index before and after PRK in patients with atypical topography

2.  To determine mean postoperative refraction after PRK in patients with atypical topography

3.  To determine the prevalence of corneal ectasia after PRK in patients with atypical topography

4.  To compare the topographic indexes after PRK in patients with atypical topography according to sex

2. Material and Methods
=======================

2.1. Study design and setting
-----------------------------

This cross-sectional study was done in 2015 in Shiraz University of Medical Sciences.

2.2. Sampling and sample size calculation
-----------------------------------------

We included 85 eyes of 45 patients in this study using the following formula for sample size calculation:

*n* = (Z~1-α/2~+Z~1-β~)^2^(s~1~^2^+s~2~^2^)/d^2^. The samples were selected using the simple random sampling method. We have included the cases with atypical topography mainly inferior steepening by reviewing the charts of the patients.

2.3. Inclusion and exclusion criteria
-------------------------------------

The inclusion criterion was patients with topographic asymmetric inferior corneal steepening in at least two images. The exclusion criteria were the following underlying pathologies: belepharitis, contact lens wearer, technician error, and tear problem

2.4. Measurement tools
----------------------

Preoperative evaluation included uncorrected distance visual acuity (UCVA), best corrected distance visual acuity (BCVA), manifest refraction, cyclorefraction, corneal topography, central corneal thickness using pentacam, slit-lamp microscopy, and detailed fundus evaluation. The postoperative evaluation was done by calling the patients for outcome measurements, including the UCVA, BCVA, topographic, and tomographic data. The postoperative examination was done 1 to 7 years after surgery from 2008 to 2015. We considered pachymetery \< 500 μm, posterior elevation \> 16μm, anterior elevation \> 8μm, skew radial axis \> 21 degree, and keratometery \> 47.2 μm as atypical topographic indices.

2.5. Statistical analysis
-------------------------

Data were analyzed using IBM SPSS 21.0 version. To analyze the data, descriptive statistics (frequency, percentage, mean, and standard deviation), chi-square, and independent samples t-test were used. A *p*-value less than 0.05 was assumed to be significant.

3. Results
==========

3.1. Demographic information
----------------------------

We studied 85 eyes in this study. Among the patients, 23 (27.1%) were male and 62 (72.9%) were female. Mean age of participants was 28.25±5.55 years. Best corrected visual acuity of all patients was 20/20. Minimum preoperative refraction was −1.00 diopters and maximum was −8.5 diopters (mean was -- 4.10±1.84 diopters). Mean duration between operation and assessment of the patients was 37.08±17.619 months.

3.2. Comparison of study parameters before and after operation
--------------------------------------------------------------

Mean pre-SI index was 0.878 ± 0.456 diopters and mean post-SI index was 0.902 ± 0.504 diopters. There was no statistically significant difference between SI index before and after operation (p=0.736). There was no statistically significant difference between SI index before and after operation between different age groups ([Table 1](#t1-epj-09-5684){ref-type="table"}).

3.3. Preoperative study parameters
----------------------------------

Mean preoperative refraction was −3.84±1.46 diopters in males and −4.20±1.96 diopters in females; thus there was no statistically significant difference (p=0.435).

3.4. Postoperative topography
-----------------------------

In [Tables 2](#t2-epj-09-5684){ref-type="table"}, [3](#t3-epj-09-5684){ref-type="table"}, we have summarized the results of preoperative and postoperative topography in study participants. As shown in this table, abnormal post-operation abnormal elevation was the most common abnormality of topography after surgery. Mean postoperative refraction was -- 0.37±0.55 diopters. Corneal ectasia was not reported in any patient in this study. Mean postoperative refraction was −0.23±0.45 diopters in males and −0.42±0.57 diopters in females; thus there was no statistically significant difference (p=0.168).

3.5. Preoperative and postoperative study parameters according to sex
---------------------------------------------------------------------

There was no statistically significant difference between males and females in study parameters before and after operation. Preoperative SI index was higher in females in comparison with males, but postoperative SI index was not different between males and females.

4. Discussion
=============

In this study, we have reported on the high efficacy and safety of PRK in patients with atypical topography. Similar studies have shown the efficacy and safety of PRK in low-moderate myopia ([@b2-epj-09-5684], [@b3-epj-09-5684], [@b10-epj-09-5684], [@b17-epj-09-5684], [@b18-epj-09-5684]). Moon et al. reported that the refractive stability is not influenced by high-altitude environmental stress and that stabilization of the refraction accrues in a duration of 6 months. In this study, 38 eyes of 20 patients were evaluated after PRK. Spherical equivalent was −1.51±1.15 diopters before the study and −0.29±0.51 diopters at 4 years after the study. Snellen uncorrected visual acuity was 20/20 or better in 89.5% of the eyes after surgery ([@b2-epj-09-5684]). Alio et al. reported safety of PRK in 3000 eyes. In this study, a decrease in best corrected visual acuity was reported in 10 (0.7 %) eyes 1 year after surgery ([@b7-epj-09-5684]). Myopia ranged from −1.0 to −14.0 diopters in this study. Also the range for astigmatism was −1.0 to −5.0 diopters. Severe haze was reported in 17 eyes in the first year after surgery. The rates for progressive hyperopia, eccentric ablation, delayed re-epithelialization, and recurrent corneal erosion was very low. One study reported on the safety of PRK in 18 years' follow-up ([@b8-epj-09-5684]). This study reported no evidence for ectasia after 18 years' follow-up in 46 patients. However, a significant increase in myopic spherical equivalent was reported in patients older than 40 years and in females during follow-up. Also Shalchi et al. demonstrated improvement in corrected distance visual acuity and corneal transparency in these patients ([@b8-epj-09-5684]). Mean spherical equivalent was −4.86 diopters before operation. Mean spherical equivalent change was −0.31 diopters between 1 and 18 years after study. This change was −0.54 diopters in patients younger than 40 years and −0.05 diopters in patients older than 40 years and −0.40 diopters in women and −0.08 diopters in men. The efficacy and safety index was reported to be 0.58 and 0.998, respectively. In this study, the thinnest abnormality was decreased after surgery. This can be due to increased collagen synthesis after operation. Another cause may be due to variation in measurement by the device. We had no post-operation corneal ectasia or any other complications during the follow-up period in this study. Similar results were reported by Shalchi et al. in an 18 years' follow-up study. They also reported no case of ectasia in their study ([@b8-epj-09-5684]). Our findings are compatible with similar studies. Some studies on the efficacy and safety of PRK in keratoconus have reported a low risk for progression of keratoconus ([@b6-epj-09-5684], [@b19-epj-09-5684]). Atypical indices, including inferior steepening, high keratometery, low pachymetery, high anterior and posterior elevation and high SRAX had no influence on the rate of keratoconus in this study. Similar to the results of our study, Tambe et al. reported low risk for progression of keratoconus after PRK ([@b6-epj-09-5684]). In this study, 28 eyes were studied. Among them, five eyes had corneal transplantation, and four eyes were not available for follow-up. Among the remaining 19 eyes, corrected distance visual acuity was improved in 16 (84.3%), declined in two (10.5%), and unchanged in one (5.2%) eyes. Also Khakshoor et al. reported similar results in patients older than 40 years with grade I or II keratoconus ([@b19-epj-09-5684]). In the mentioned study, variables such as keratometric readings, uncorrected visual acuity, best corrected visual acuity, spherical equivalent, and cylindrical power were evaluated. Based on our findings and findings of similar studies, the rate of keratoconus after PRK is very low; further, PRK is not associated with risk of progression of keratoconus. Although in our study all patients had asymmetric inferior steepening, no patient had keratoconus after operation. The increase in SRAX after operation may be due to the ablation procedure. Also factors such as keratometery and anterior elevation are not reliable after surgery. In this study, we have evaluated patients 1 to 7 years after surgery. One study on 18-year follow-up of the patients after PRK have reported the stability of keratometery between 1 and 18 years after surgery ([@b1-epj-09-5684]). Some researchers also reported the stability of outcome even during the first year after surgery ([@b20-epj-09-5684]). However, some researchers have reported the decrease in efficacy of PRK within years ([@b3-epj-09-5684], [@b8-epj-09-5684]). In summary, our study and studies by other researchers show high stability in the result of keratometery. Therefore, it seems that PRK has good efficacy and safety in patients with atypical topography.

5. Conclusions
==============

Although atypical topography, including inferior steepening with an asymmetrical bow-tie, may have potential risk of post-PRK ectasia, this study revealed that, if other topographic and tomographic data are within the normal limit, PRK can be a safe procedure. In eyes with inferior steepening as a sign of atypical topography, photorefractive keratectomy has effective and safe outcomes with no post-operative complications. Therefore, we suggest PRK in eyes with inferior steepening.
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###### 

Comparison of study parameters before and after operation

  Topography Indexes            Preoperative    Postoperative   p-value
  ----------------------------- --------------- --------------- ----------
  Keratometery max (diopters)   45.139±1.7196   43.915±1.8002   \< 0.001
  Thinnest (μm)                 523.99±37.429   449.84±30.764   \< 0.001
  Anterior elevation (μm)       5.35±2.802      8.06±4.263      \< 0.001
  Posterior elevation (μm)      10.95±4.935     11.99±4.651     0.010
  SI index (diopters)           0.878±0.456     0.902±0.504     \< 0.001

###### 

Results of preoperative topography in study participants

  Index                                  Normal       Abnormal
  -------------------------------------- ------------ ------------
  Keratometery max before operation      80 (94.1%)   5 (5.9%)
  Low pachymetery before operation       64 (75.3%)   21 (24.7%)
  Anterior elevation before operation    72 (84.7%)   13 (15.3%)
  Posterior elevation before operation   72 (84.7%)   13 (15.3%)
  Skewed radial axis before operation    82 (96.5%)   3 (3.5%)

###### 

Results of postoperative topography in study participants

  Index                                                          Normal       Abnormal
  -------------------------------------------------------------- ------------ ------------
  Sum of thinnest point and ablation thickness after operation   67 (78.8%)   18 (21.2%)
  Posterior elevation after operation                            73 (85.9%)   12 (14.1%)
  Skewed radial axis after operation                             67 (78.8%)   18 (21.2%)
